This article describes results of Iow-level (sub-femtomole) detection of peptides by matrlxassisted Iaser desorption ionization. The matrix-assisted laser desorption ionization method can be used for low-level detection of the parent ion, either [M + H]+ or [M -+ Na]+, and collision-induced dissociation of the parent ion can be performed at the picomole level. The instrument used for these studies is a novel high-performance magnetic sector (electric(E)/magnetic(B) sector)/reflectron time-of-flight (TOF) tandem mass spectrometer (EB/TOF). (J Am Sot MRSS Spectwm 1991, 2, 91-94) D evelopment of mass spectrometric methods for the analysis of polar, thermally labile compounds at the picomole to femtomole level is now a realistic objective [I], Although molecular weight determination is a primary objective for mass spectrometric analysis, complete or partial sequence information on peptides (up to ca 2000-2500 da) can be obtained by combining collision-induced dissociation (CID) with fast atom or Cs+ ion bombardment of a liquid matrix containing the sample [2]. Because the yield of intact molecular ions (typically [M + HI+) is high, matrix-assisted laser desorption [3] could potentially impact structural mass spectrometry, but such experiments are limited by current instrument technology. For example, tandem mass spectrometry is not a routine experiment for time-of-flight [4] or other pulsed instruments, and pulsed ionization methods are not generally compatible with conventional analytical tandem mass spectrometers (magnetic sector or quadrupole instruments) [5] . In terms of the mass resolution required for selection of the analyte ion by MSI, high-performance magnetic sector instruments are advantageous for studies of complex biomolecules. This article describes the first results from matrix-assisted laser desorption/tandem mass spectrometry experiments. The experiment is performed by using a high-performance magnetic sector (EB configuration) as MS1 and a reflectron time time-domain data are stored by the computer (IBM 284 PC/AT), and data from successive laser shots are stored and signal-averaged. Typically, data from 1000 to 10,000 laser shots (repetition rate ca 3 Hz) are accumulated. The matrix-assisted laser desorption ionization is performed by dissolving a measured amount of sample in o-nitrobenzyl alcohol (NBA) to yield a solution that is 1 pg/pL. The standard peptide/NBA solution is then diluted to the desired level and a 1-pL aliquot of solution is placed directly onto the direct insertion probe. The probe is then Inserted into the ion source vacuum chamber where it is exposed to the laser irradiation (a lo-ns laser pulse (353 nm) at a laser power density of ca lo5 watts cmm2; Questek Series 2000 excimer (Questek, Inc., Billerica, MA) using Xc/F, gas mixture). The yield for [M + I-I]+ and [M + Na]+ ' Details 6f the apparatus wtll be published at a future date: preliminary results from the EB/TOF were presented at a recent meeting,
D evelopment of mass spectrometric methods for the analysis of polar, thermally labile compounds at the picomole to femtomole level is now a realistic objective [I] , Although molecular weight determination is a primary objective for mass spectrometric analysis, complete or partial sequence information on peptides (up to ca 2000-2500 da) can be obtained by combining collision-induced dissociation (CID) with fast atom or Cs+ ion bombardment of a liquid matrix containing the sample [2] . Because the yield of intact molecular ions (typically [M + HI+) is high, matrix-assisted laser desorption [3] could potentially impact structural mass spectrometry, but such experiments are limited by current instrument technology. For example, tandem mass spectrometry is not a routine experiment for time-of-flight [4] or other pulsed instruments, and pulsed ionization methods are not generally compatible with conventional analytical tandem mass spectrometers (magnetic sector or quadrupole instruments) [5] . In terms of the mass resolution required for selection of the analyte ion by MSI, high-performance magnetic sector instruments are advantageous for studies of complex biomolecules. This article describes the first results from matrix-assisted laser desorption/tandem mass spectrometry experiments. The experiment is performed by using a high-performance magnetic sector (EB configuration) as MS1 and a reflectron time-of-flight (TOF) as MSII.
The general features of the EB/TOF instrument have been described previously [6] . Ions formed in the ion source are accelerated to 8 keV, and the analyte ion (m:) is mass-selected by MS1 (Kratos MS-50) [6] . Prior to entering the collision cell, rn: is decelerated to 1 keV [7& The rn: ions are collisionally activated (He, Ar, or Xe target gas), and the CID product ions (m:) are then reaccelerated to 8 keV and mass analyzed by the reflectron T0F.l The TOF data are acquired by using a LeCroy 4208 time-to-digital converter (LeCroy Corp., Chestnut Ridge, NY). The time-domain data are stored by the computer (IBM 284 PC/AT), and data from successive laser shots are stored and signal-averaged. Typically, data from 1000 to 10,000 laser shots (repetition rate ca 3 Hz) are accumulated. The matrix-assisted laser desorption ionization is performed by dissolving a measured amount of sample in o-nitrobenzyl alcohol (NBA) to yield a solution that is 1 pg/pL. The standard peptide/NBA solution is then diluted to the desired level and a 1-pL aliquot of solution is placed directly onto the direct insertion probe. The probe is then Inserted into the ion source vacuum chamber where it is exposed to the laser irradiation (a lo-ns laser pulse (353 nm) at a laser power density of ca lo5 watts cmm2; Questek Series 2000 excimer (Questek, Inc., Billerica, MA) using Xc/F, gas mixture). ions can be enhanced by addition of a small amount (parts per thousand) of sinapic acid (3,5-dimethoxy4 hydroxycinnamic acid) or by increasing the laser flux density. Although matrix-assisted laser desorption ionization can be performed from a solid-matrix (e.g., sample plus sinapic acid), we find the ion yield to be much more stable and of longer duration from the liquid matrix. . We anticipate that detection levels can be pushed even lower by rather simple improvements to the apparatus, especially by improving the extraction optics of the ion source, optimization of sample handling methods, and fur- (P sec.)
ther development/understanding of the photophysics of matrix-assisted laser desorption ionization.' Figure 2 contains a portion (m/z 300-1075) of the EB/TOF CID spectrum of angiotensin II. This spectrum was obtained by signal averaging the data from 1000 laser shots. The collision gas (helium) pressure corresponds to 50% attenuation of normal ion beam, and the collision energy was 1000 eV. Although each of the CID product ions can be assigned (see Table I ), the CID spectrum differs significantly from previously reported data 191. For example, an important ion in the CID spectrum (m/z 629; peak 5) is formed by a combination of an A, and Y5 bond cleavage process, denoted by A, /Y5 [lo]. In addition, the fragment ions at m/z 907, m jz 866, m/z 742, and m/z 707 (peaks 1 to 4, respectively) arise by consecutive reactions involving cleavage of the peptide backbone and loss of a side-chain. We think that the higher relative abundance of the product ions involving consecutive reaccons is due to the larger acceptance angle for fragment ions formed by close-impact (large scattering angle) collisions [ll] . However, there may be significant differences in the CID spectra of ions formed by laser desorption vis-8-vis ions formed by liquid secondary ion mass spectrometry. Further studies of the CID spectra of laser desorbed ions are underway.
'A major diiculty encountered with low femtomole and attomole detection is sample "carry over" by the probe from one sample loading to the next. For example, if a solution containing 100 ferntomole of peptide is placed on the probe tip, allowed to stand for 10 tin then rinsed with acetone, and e clean portion of NBA is added to the probe and inserted into the mass spectrometer, ample ion signal is obtained on laser irradiation. To ensure that such effects w&e not complicating the current eqxximents, proper cleaning orocedures were used to determine that the signals did not arise by I sample "carry over." The cleaning procedure< involved three a&-tone washes, laser "cleaning" of the probe, and neat NBA loadings analysis to determine the level of background signal. In all cases reported (in Figure 1) the level of background signal was less than 0.1% that for the sample. We wish to call attention to two additional aspects of the CID data: (1) the number of ions detected in the EB/TOF experiment and (2) the mass resolution of the reflectron TOF. The CID spectrum is relatively free of background ions because the large background typically encountered in TOF experiments is eliminated by MS-I. The large dynamic range of the experiment can be illustrated by close examination of peaks 8 through 11. Although the signals are of very low abundance, corresponding to a total of 10 counts, the peaks are reproducible to +/-l&20%, which is typical for low-level signals encountered in other tandem mass spectrometry experiments. Note that peak 11 is comprised of a single count and can be used to estimate the background count level. The second point deals with the widths of the CID peaks. Although the arrival time distribution of the [M + H]+ ion is approximately 1 ps, the widths of some of the CID Figure 2 [12]. The mass resolution of the EB/TOF spectrum is limited by the arrival time distribution (ca 1 ps) of the [M + HI + ion (a limitation imposed by the extraction optics of the ion source), and the sensitivity of the EB/TOF CID experiment is limited by the collection efficiency of the reflectron TOF analyzer [13] . These limitations are not inherent to the experiment and steps to correct/improve the data are currently underway. In spite of the limitations, the present results clearly illustrate the potential for performing structural characterization of biomolecules by combining novel instrumentation with matrix-assisted pulsed-U/-laser desorption ionization. Although analysis/ structural characterization at the attomole level is complicated due to difficulties associated witth sample handling and may not be a practica1 objective for the analysis of unknown peptides, the current results illustrate the ultrahigh sensitivity that can be obtained by combining these methods. 
